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Abstract 
In this article, Bayesian classification is employed in identifying the patterns of the seasonal variation in construction-
related accidents. Accident reports during the period 2000 to 2009 are extracted from case reports of the Northern 
Region Inspection Office of the Council of Labor Affairs of Taiwan. The results show that there are some patterns of 
occupational fatalities in the construction industry. During summer, the risk of fall accidents among workers of age 
21-40 and 41-60 is very high, and better protection against electric shocks should be used. During winter, the 
increased risk of fall-related incidents due to unpredictable wet weather conditions should be managed.  
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The construction industry is a professional sector with a high rate of occupational injuries. In the 
Taiwan construction industry, about 14 fatalities occurred per 1,000 workers in 2008, which is far greater 
than in a manufacturing based industry. Construction workers are exposed to a variety of occupational 
risks. Several studies have discussed the causes of work-related accidents. Others have investigated the 
factors contributing to both accident frequency and severity [1, 2]. However, little has been discussed 
about specific factors related to seasonal change.  
This article examines the characteristics of the seasonal variation in occupational accidents. Bayesian 
classification analysis is employed in evaluating the relations between different factors and in identifying 
 
* Corresponding author. Tel.: +886-2-29471132; fax: +886-2-29346117. 
E-mail address: cwliao@cute.edu.tw. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
3241Chia-Wen Liao / Procedia Engineering 29 (2012) 3240 – 32442 C.W. Liao / Procedia Engineering 00 (2011) 000–000 
the patterns of construction workers. Accident analysis is used in 690 occupational fatalities in the 
construction industry to assist in injury prevention strategy development. 
2. METHOD
2.1. Materials
This article analyzed 690 accident reports of fatal occupational injuries during the period 2000 to 2009. 
The accident reports were extracted from case reports at the Northern Region Inspection Office of the 
Council of Labor Affairs of Taiwan. Relevant factors were obtained from the accident reports. Each 
report was reviewed several times to itemize detailed information on each factor. 
2.2. Bayesian classification 
A Bayesian network is a directed acyclic graph that allows efficient and effective representation of the 
joint probability distribution over a set of random variables. Each node in the graph represents a random 
variable, and edges represent conditional dependencies. Nodes which are not connected represent 
variables which are conditionally independent of each other. Each node is connected with a probability 
function that takes as input a set of values for the node's parent variables and presents the probability of 
the variable represented by the node. Classification algorithms based on Bayesian networks can achieve 
high accuracy [3, 4]. 
Bayesian classification can be used to solve any pattern classification problem with prior knowledge. 
Usually, the class-conditional density function is supposed to follow normal distribution. In fact, some 
features follow normal distribution and some do not. Under such conditions, the raw feature under 
consideration is transformed through hybrid distribution to follow Gaussianity. Bayesian classification 
algorithm is described as follows. 
Consider a d-dimensional feature vector as [ ]Td2 1 ,...x x,xx =  for classifying a pattern into any of the k 
classes. Bayesian approach mostly copes with the computation of posterior probability so that the 
probability of belonging of a pattern X to class kw , denoted by ( )XwP k  as:  
( ) ( ) ( )( )XP
w.PwXp
XwP kkk =   (1) 
where ( )kwXp  represents the likelihood function for kw , and 1≤k≤2 indicats the distribution of feature 
vector over a particular class. ( )kwp  is a priori probability, which gives the probability of the class before 
measuring any features. If a priori probability is not known, it is estimated by the relative occurrence. The 
divisor is a scaling factor to assure that posterior probabilities are really probabilities, i.e., their sum is 1. 





kk wPwXpXP   (2) 
Selecting the class of the highest posterior probability generates the minimum error probability. The 
prior probability can be estimated using the following formula. 




  (3) 
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The critical task in the Bayesian classifier is the class conditional probability density function ( )kwXp . 
In practice, it is always unknown and can be estimated from the training set. For two-class classification 
problem, Bayes’ decision can be made based on the following comparison [5]: 
( ) ( ) 2121 wX else wX then wXp  wXp If ∈∈≥   (4) 
3. Results
This paper discusses the seasonal variation in occupational accidents occurring in the construction 
industry. The age of the worker involved and the accident type are also considered. The impact of 
seasonal change on people varies according to their age group. For example, older people tend to have 
more accidents during winter. Weather conditions are also variable with seasonal change. Strong sunshine 
can be followed by an afternoon thunderstorm or rain. Construction is mostly an outdoor activity, and 
certain types of accidents are more likely in changing weather conditions.  
The data from 690 occupational accidents were first analyzed based on statistical method, and the 
results are presented in Tables 1-3. Bayesian classifier was then used for data analysis. Classification 
results are shown in Figure 1. 
3.1.  Sample Characteristics 
For this paper, spring is defined as the period from March to May and similarly, summer as June to 
August; autumn as September to November; and winter as December to February. Table 1 shows that 
summer has the highest percentage of accidents (32.5％), followed by spring (26.1％), autumn (24.3％) 
and winter (17.1％). The northern region of Taiwan has a subtropical climate; it is extremely hot in 
summer. Since most construction work is carried out outdoors, high temperature often affects the workers' 
concentration adversely, making accidents more likely. Summer is also the time when many fresh 
graduates enter the workforce. These inexperienced workers are not always aware of the hazards involved. 
In this paper, workers are classified into four groups according to age. Groups I, II, III, and IV 
comprise workers of age under 20 years, 21-40 years, 41-60 years, and over 60 years respectively. Table 
2 indicates that the number of accidents is much higher for Groups II (45.6％) and III (46.4％), which 
together comprise over 90% of the total number of accidents. A possible explanation for this is that 
workers in these two age groups form the main workforce in the construction industry; therefore, they 
have a higher probability of being involved in accidents. The number of accidents among workers aged 
41-60 (Group III) is slightly higher than that among workers aged 21-40 (Group II). This may be because 
greater age implies lesser physical strength, leading to a greater number of accidents. 
This paper considers seven types of accidents: falls, collapses, electric shocks, falling objects, 
struck by / struck against, caught between/clamped, others. According to Table 3, falls are the most 
common accidents, accounting for 54.9%, or more than half of all incidents. Collapses and electric shocks 
are the second and third most common types of accidents. Much construction work takes place at a height. 
There is high risk inherent to this line of work, and the difficulty involved in implementing safety 
measures is a cause of frequent fall incidents. Wetness from rain increases the risk of fall accidents and is 
the main cause of electric shocks. 
3.2. Bayesian classification analysis 
Figure 1 shows that through all four seasons, the highest number of accidents occur among Group II 
(age 21-40) and Group III (age 41-60) workers. This result is in agreement with the data in Table 1 and 
3243Chia-Wen Liao / Procedia Engineering 29 (2012) 3240 – 32444 C.W. Liao / Procedia Engineering 00 (2011) 000–000 
Table 1. Distribution of season (n=690) 
Season n ％
Spring 180 26.1 
Summer 224 32.5 
Autumn 168 24.3 
Winter 118 17.1 
Table 2. Distribution of age (n=690) 
Age n ％
Under 20 (Group I, GI) 16 2.3 
21-40 (Group II, GII) 315 45.6 
41-60 (Group III, GIII) 320 46.4 
Over 60 (Group IV, GIV) 39 5.7 
Table 3. Distribution of accident type (n=690) 
Accident type n ％
Falls (FAL) 379 54.9 
Collapses (COL) 87 12.6 
Electric shocks (ELC) 74 10.7 
Falling objects (OBJ) 38 5.5 
Struck by/ struck against (STR) 28 4.1 
Caught between/ clamped (CAU) 22 3.2 
Others (OTH) 62 9.0 
Table 2. During summer and autumn, the number of accidents among Group III workers is higher than 
that among Group II. The opposite is true for spring. In winter, the number of accidents is same for both 
age groups. Thus, overall, the number of accidents is similar for Group II and Group III. The common 
opinion that older people are more likely to have accidents during winter is not supported by this analysis. 
The cause for this may be the small number of older workers in the construction industry. 
It can be seen in Figure 1 that falls are the most common type of accidents when we consider seasonal 
change and age together. This is in agreement with the data in Table 3. Among all observations, falls 
among Group III (age 41-60) workers in summer comprise the largest percentage. This means that during 
summer, the highest risk for accidents is falls among Group III workers. 
Some other interesting observations can be made from this analysis. Figure 1 shows that there are 
fewer accidents among Group II (age 21-40) workers in spring (12.6%) than in summer (14.9%), but 
spring has a higher incidence of falls (7.8%) than summer (6.8%). This is probably due to the unstable 
weather conditions during spring in Taiwan, especially in the northern region due to the monsoon season. 
As construction workers often work outdoors at construction sites, they are very likely to work in the rain. 
The wet environment would increase the risk of fall-related incidents. 
We also observed that the rate of electric shock accidents is relatively high during summer (≥3%), 
compared to other seasons (≤1%). A possible explanation for this is that workers sweat heavily under the 
summer heat in Taiwan. As a result, it is difficult to take electric shock preventative measures. When such 
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measures are provided for, they are implemented only imperfectly, and the measures may provide 
inadequate insulation for their bodies. In addition, afternoon showers are a frequent occurrence during 
summer in Taiwan. Work is often suspended until the rain eases or stops. Workers may continue to work 
in a wet environment, sometimes in light rain increasing the risk of electric shocks. 
The results suggest that during summer, the risk of fall-related accidents among Group II (age 21-40) 
and Group III (age 41-60) workers must be managed, and better protection against electric shocks should 
be used. During winter, the increased risk of fall-related incidents due to unpredictable wet weather 
conditions in winter should be managed. 
4. Conclusions 
In this article, Bayesian classification analysis is employed to yield the patterns of the seasonal 
variation in construction-related accidents. The analysis displays that seasonal change influences the 
safety performance on construction sites by altering the workplace environment and the workers’ 
conditions. The results can be used to establish effective inspection strategies and injury prevention 
programs more efficiently. 
 
Fig. 1. Bayesian classification results (Note: *number of accidents) 
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